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Qh' Abstract 
^' 

, We present a short review of the present status of the problem of neutrino masses and mixing. The 

existing experimental results indicate that there are at least four massive neutrinos. We show that 
only two schemes with mixing of four neutrinos and mass spectra in which two groups of close masses 
' are separated by the "LSND gap" 1 cV) arc compatible with the results of all neutrino oscilla- 

^ , tion experiments. We discuss different consequences of these schemes for future neutrino oscillation 

experiments. 



1 Introduction 

The problem of neutrino masses and mixing (see |2|, ^, is the most important problem of 
today's neutrino physics. There are at present different indications that neutrinos have small masses 
and that there is neutrino mixing. These indications were obtained in solar neutrino experiments 



-|10|, in atmospheric neutrino experiments |11]~[14|,[10| and in the LSND experiment [y^. If 



the indications in favor of neutrino oscillations will be confirmed, they will represent the first 
observation of processes in which lepton numbers are not conserved. It is generally believed that 
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the investigation of such processes will allow us to investigate the physics at a scale much larger 
than the electroweak scale. 

All the existing data on the investigation of the weak interaction processes in which neutrinos 
take part are perfectly described by the standard model of electroweak interactions. There are two 
classes of electroweak interactions: 

1. Charged current (CC) interactions described by the Lagrangian 

C?^ = -^£^W'^ + h.c., (1) 

where g is the dimensionless SU(2) coupling constant and the charged current is given by 

jCC = 2 i7^j^£^ + .... (2) 

£=e,fi,T 

2. Neutral current (NC) interactions described by the Lagrangian 

/-NC _ 9 -NC r^a /Q\ 

icosw 

where is the Weinberg angle and the neutral current j^'^ is given by 

ja^ = Yl ^^a^iL + .-- . (4) 
£=e,fj,,T 

Charged and neutral current weak interactions conserve the total electron, muon and tau lepton 
numbers Lg, L^, L-j- and the CC interactions determine the notion of flavour neutrinos Vf>, Vfi, Vt- 
For example, we call muon neutrino the particle that is produced in vr "'"-decay together with a 
[i^ and so on. 

The number of light flavour neutrinos is equal to three. This number was obtained in LEP 
experiments from the measurement of the width of the decay Z ^ v ^ v . The combined result of 
LEP experiments is ||l^ 

n,, = 2.991 ±0.016. (5) 

The hypothesis of neutrino mixing, initiated by B. Pontecorvo as early as 1957 |17], is based 
on the assumption that neutrinos are massive particles and that the neutrino mass term does not 
conserve lepton numbers. After the standard procedure of the diagonalization of the lepton-numbers 
non-conserving neutrino mass term, for the flavour neutrino field we have 



^IL = Y ^"-^ ' 



where h'n is the field of neutrinos with mass and [/ is a unitary mixing matrix. 
There are two possibilities for the fields of massive neutrinos: 
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1. If the mass term conserves the total lepton number 



L = Le + Lf, + Lr, (7) 

then the fields Vi are four-component Dirac fields and the number of massive neutrinos is equal 
to the number of flavour neutrinos, rii, = 3. 

Notice that a Dirac mass term can be generated by the standard Higgs mechanism by adding 
right-handed neutrino gauge singlets in the same way as the mass terms of all the other funda- 
mental fermions. In this case, the numerous parameters of the Standard Model will be increased 
by the addition of the neutrino masses and mixing angles. In the framework of the Standard 
Model there is no mechanism that can explain the smallness of neutrino masses. 

2. If the conservation of the total lepton number is violated, the fields of neutrinos with definite 
masses are Majorana fields, i.e. fields of particles with all charges equal to zero. The Majorana 
neutrino fields satisfy the condition 

u^ = Cvf = Ui, (8) 

where C is the matrix of charge conjugation which is determined by 

C7aC-' = -7a, C^=C-\ C^ = -C. (9) 

A Majorana mass term can be generated only in the framework of models beyond the Standard 
Model (see Q). 

The number n of massive Majorana neutrinos can be equal or larger than the number of flavour 
neutrinos {riu = 3). If n > 3, for the mixing we have 

n n 
I'iL = ^ Uii UiL , {l^aRY = ^ Uai ViL ■ (10) 

1=1 i=l 

where U is a nxn unitary mixing matrix and the fields i^aR do not enter in the standard CC and 
NC (the fields I'aR are called sterile). If mj <C mz for all i = 1, . . . ,n, the width of the decay 
Z ^ + P is determined only by the number of flavour neutrinos. Let us stress, however, that 
because of the mixing (|l^), active neutrinos fe, f^, i't can transform (in vacuum or in matter) 
into undetectable sterile states. 

From the existing data it follows that neutrino masses (if any) are much smaller than the 
masses of charged leptons and quarks. The understanding of this phenomena is a big theoretical 
challenge. A possible explanation of the smallness of neutrino masses is provided by the see-saw 



mechanism |18|. This mechanism is based on the assumption that lepton numbers are violated by 
the right-handed Majorana mass term at a scale M that is much larger than the scale of electroweak 
symmetry breaking. If the neutrino masses are of see-saw origin we have the following consequences: 

1. Massive neutrinos are Majorana particles; 

2. The number of light massive neutrinos is equal to three; 
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3. The neutrino masses are given by the see-saw formula 



m,^^-^«mf (i = 1,2,3). (11) 

where mf is the mass of the charged lepton or up-quark in the z*^ generation. From Eq.(|ll|) it 
follows that in the see-saw case the neutrino masses satisfy the hierarchy relation 

mi <^ 1712 <^ . (12) 

We will finish this introduction with a brief review of the experimental situation. Indications 
in the favour of neutrino oscillations were found in the following experiments: 

1. In all solar neutrino experiments: Homestake Kamiokande Q, GALLEX ||^, SAGE ||8| and 
Super-Kamiokande |^ IC]; 



2. In the Kamiokande |11], 1MB [12|, Soudan |13| and Super-Kamiokande [0, ^ atmospheric 
neutrino experiments; 

3. In the accelerator LSND experiment [p!^]. 

From the analysis of the data of these experiments it follows that there exist three different scales 
of neutrino mass squared difference: 



Am^^n ~ 10-5 eV^ (MSW) or Am^^^ ~ 10-i° eV^ (vac. osc.) [19, |2^ , (13) 
Am2,^~5x 10-3eV2 p, (14) 



Am^sj^D-leV^ IT| . (15) 



The two possibilities for Arrig^jj correspond, respectively, to the MSW [22| and to the vacuum 
oscillation solutions of the solar neutrino problem. 

On the other hand, no indication in favour of neutrino oscillations was found in numerous short- 



baseline (SBL) reactor and accelerator experiments (see the review in Ref.[£3|). Also in the first 
long-baseline (LBL) reactor experiment CHOOZ ||2^ neutrinos oscillations were not found. 

No indications in favour of non-zero neutrino masses were found in the experiments on the 
measurement of the high-energy part of the /9-spectrum in the decay ^He"*" + e~ + Ve- The 

following upper bounds for the effective neutrino mass were found in the Troitsk p^] and Mainz 



|26| experiments: 

rrij, ml 

Troitsk <3.9eV 1.5 ± 5.9 ± 3.6 eV^ 

Mainz < 5.6eV -22±17±14eV2 

Many experiments on the search for neutrinoless double-beta decay ((/?/?)oi/)) 

{A,Z) ^{A,Z + 2) + e' + e- , (16) 
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have been done. This process is possible only if neutrinos are massive and Majorana particles. The 
matrix element of the process is proportional to the effective Majorana mass 



{m) = Y,U!,m,. (17) 



The {f3P)ou process (|T6[) was not observed. The Heidelberg-Moscow {P(3)ou experiment [27| reached 
the following lower limit for the half-live of ''^Ge: 

ri/2(^^Ge) > 1.2 X 10^5 y (90% CL) . (18) 

From this result it follows that 

|(m)| < (0.5 - 1.5)eV. (19) 
Let us notice that in the next years the sensitivity of {(30)qu experiments will reach \ {m)\ ~ 0.1 eV 

m- 

In the analysis of the data of neutrino oscillation experiments it is important to take into 
account the data of all experiments because different observables are connected by the unitarity 
of the mixing matrix. It is clear that this cannot be done in the usual framework of two-neutrino 
mixing. Thus, the general case of n-neutrino mixing (see Q) must be considered. We followed this 
approach in Refs.|2S|~[^]. We tried to answer to the following questions: 

1. Which neutrino mass spectrum is compatible with the data; 

2. What information on the elements of the neutrino mixing matrix can be obtained from the data 
of SBL experiments; 

3. Which are the predictions for future LBL experiments. 



2 Three massive neutrinos 



Let us consider first the case of three massive neutrinos and a neutrino mass hierarchy |37, 
34 1, mi <C m2 ^ ms. We assume that Am^i 



of solar neutrinos and Am 



m 



2 

mi 

2 ; 



ml 



is relevant for the suppression of the flux 



is relevant for the LSND anomaly. 



The probability of — > i^p transitions is given by 



.Am|^ 

2p 



JT* 



k=l 



(20) 



where p is the neutrino momentum and L is the distance between the neutrino source and detector. 
Let us consider SBL neutrino oscillation experiments. Taking into account that in these experiments 



Am2i-L 
2p 



< 1 



(21) 
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and using the unitarity of the mixing matrix, we obtain 



/ .Am'^L 

— 1 



P. 



133 "^aS 



2p 



(22) 



V 



Thus, under the condition (^), the SBL transition probabihties are determined only by the largest 
mass squared difference Am^ and by the elements of the mixing matrix that connect flavour neu- 
trinos with the heaviest neutrino v^. 



From the expression (22), for the probability of Ua Vfs transitions with (3 ^ a and for the 
survival probability of we find 



P, 



1 ^ / Am^L 

- AQ-a 1 — cos 

2 V 2p 

1 / Am^L 

1 - - Ba-a 1 - cos 

2 V 2p 



with the oscillation amplitudes Ajj-^a and Ba-^a given by 



for 



/3 / a. 



Br. 



f3;a 



4|C//33l'l^:^a3|' 



a3\ 



\Ua3\^) 



(23) 
(24) 



(25) 
(26) 



In the case of a hierarchy of neutrino masses, neutrino oscillations in SBL experiments are 
characterized by only one oscillation length. It is obvious that the dependence of the transition 
probabilities on the quantity Am'^L/2p has the same form as in the standard two-neutrino case. 

3) describe transitions between all three 



Let us stress, however, that the expressions (23) and 
flavour neutrinos. Notice also that in the case of a hierarchy of neutrino masses the CP phase does 
not enter in the expressions for the transition probabilities. As a result we have 



p 



Pu 



(27) 



in SBL experiments. As it is seen from Eqs.(p3D-(Pq), in the scheme under consideration the 
oscillations in all channels {ve ^ ^'/x, ^^j, ^ t^t-, ^ ^t) are described by three parameters: Am^, 



|f^e3pi I^AiSp (because of unitarity of the mixing matrix |C/t-3|^ = 1 — \ Ue3\^ — |^^/j3p) 



With the help of Eqs.(24) and (^), one can obtain bounds on the mixing parameters |?7, 



e3| 



and |C/^3p from exclusive plots that were found from the data of SBL reactor and accelerator 
disappearance experiments. 
We will consider the range 



10"^ eV^ < Am^ < 10^ eV^ 



(28) 



From the exclusion curves of SBL disappearance experiments, at any fixed value of Am? we obtain 
the upper bounds Ba-^^ ^ B^.^ for a = e,fi. From Eq.(|26''' ^^'^ w.;,.;v,^ ^^^^^r.+^^c \tt .i2 
have 

1 



for the mixing parameters |C/a3|" we 



\Ua3\^ < «a 



or 



\U, 



a3\ 



> 1 



.0 



with 



,0 



1 - B^ 



(29) 
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We have obtained the values of and o^^, respectively, from the exclusion plots of the Bugey 
reactor experiment |^8| and the CDHS |^9| and CCFR |^0| accelerator experiments (see Fig.l of 
g). In the range (|2|) we have a° < 4 x lO^^ ^nd a° < 2 x 10"^ (for Am^ > O.SeV^). Thus, from 
the results of disappearance experiments it follows that the mixing parameters |?7e3p and |C/;i3p 
can be either small or large (close to one). 

Now let us take into account the results of solar neutrino experiments. The probability of solar 
neutrinos to survive in the case of a neutrino mass hierarchy is given by 



P^:^uSE) = (1 - \Ue3\'f Pi^l'XiE) + \Ue3\' , (30) 

where E is the neutrino energy and P^J-;^^{E) is the two-generation survival probability of solar 
i^e's. If |C/e3p ^ l~Og, from (30) it follows that at all solar neutrino energies P^^^^^ > 0.92. This is 
not compatible with the results of solar neutrino experiments. Thus, the mixing parameter |?7e3p 
must be small: |f/e3p ^ Q^g. 

We come to the conclusion that from the results of SBL inclusive experiments and solar neutrino 
experiments it follows that in the case of three massive neutrinos with a hierarchy of masses only 
two schemes are possible: 

I^e3l!<a?, llVt^ll'r (31) 



Let us consider ^ oscillations in the case of scheme I. Prom Eqs.(Pq) and (|3l|), for the 
oscillation amplitude we have 

Ae;^<A\Ue3?\U^3? <^alal. (32) 

Thus, in the case of scheme I the upper bound for the amplitude A^^-^ is quadratic in the small 
quantities Cg, aP^ and ^ fg oscillations are strongly suppressed. 

Let us compare now the upper bound ( p2[ ) with the results of the LSND experiment in which 

^ I'e oscillations were observed. In Fig.|^ the shadowed region in the ^e;^~Am^ plane is the 
region allowed at 90 % CL by the results of the LSND experiment. The regions excluded by the 
Bugey experiment || and by the BNL E734 |2|, BNL E776 |3| and CCFR Q experiments are 
also shown. The upper bound (^) is presented by the curve passing through the circles. As it is 
seen from Fig.|^, the upper bound ( |32[ ) is not compatible with the results of the LSND experiment 
if the results of other oscillation experiments are taken into account. Thus, the scheme I with a 
hierarchy of masses and couplings, similar to the hierarchy that takes place in the quark sector, is 
not favoured by the results of SBL experiments. 

In the case of scheme II, the upper bound of the amplitude A^,-^ is linear in the small quantity 
flg: j4g;^ < 4ag. This upper bound is compatible with the LSND data. Note that, if scheme II is 
realized in nature, \v^) ~ |z^3) and the vectors |fg) and are superpositions of \vi) and |z^2)- For 
the "effective" neutrino masses we have m^,^ ~ , rrii,^ , m^^ <C m.3 . 

Up to now we did not consider atmospheric neutrinos. In the framework of the scheme with 
three massive neutrinos and a neutrino mass hierarchy there are only two possibilities to take into 
account the atmospheric neutrino anomaly: 
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1 - p. 



(LBL) 



Figure |2| 

1. To assume that Am|]^ is relevant for the suppression of solar v^'s and for the atmospheric 
neutrino anomaly p5| , . 

2. To assume that Am^j^ is relevant for the LSND anomaly and for the atmospheric neutrino 
anomaly 1^, |6|. 

The first case is excluded by the results of the CHOOZ experiment, that rule out large atmospheric 
^ Ve transitions. Other indications against the first case are: a) the average survival probability 
of solar fe's is constant (this is disfavoured by the data of solar neutrino experiments E^, H9|) and 



satisfy the inequalities < a2 and lU, 



/j3 I 



< aJJ (that are not 



b) the parameters jC/esI , \Ufi3\~ saiisiy ine mequanties |Ue3| 
compatible with the LSND result, as we have discussed above). 

In the second case it is not possible to explain the angular dependence of the double ratio of muon 
and electron events that was observed by the Kamiokande and Super-Kamiokande experiments 

MM- 

All the existing indications in favour of neutrino mixing will be checked by several experiments 
that now are under preparation. If for the time being we accept them, we come to the necessity of 
consideration of schemes with four massive neutrinos, that include the three flavour neutrinos fg; 
f^, Ut and a sterile neutrino |50, 32, 33, 35, 36|. 
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3 Four massive neutrinos 



There are six possible types of mass spectra with four neutrinos that can accommodate three 
different scales of Am^. Let us start with the case of a hierarchy of neutrino masses mi <^ 1712 <^ 
ms <C m^, assuming that Am^i is relevant for the suppression of solar Ve's, Am^i is relevant for 
the atmospheric neutrino anomaly and Arn^^ is relevant for the oscillations observed in the LSND 
experiment. The SBL transition probabilities are given in this case by the expressions (p3|)-(p^) 



with the change IC/qsI'^ — > |C/o,4p and Am^ 
range ( p8|) of Am?, we have 



Amli 



m3 



2 



From SBL inclusive data in the 



or 



\U, 



a4\ 



> 1 



for 



a 



e,iJ,, 



(33) 



with given by Eq. (|29|) . 

For the survival probability of the atmospheric f^'s in the scheme under consideration we have 



the lower bound [32| 



jatm 



> \u, 



Ml 



(34) 



Now, from Eq.(pn) with |?7e3p — ^ |t^e4p and from Eq.(34) it follows that large values of the mixing 



parameters |f/e4p and IC/^P are not compatible with solar and atmospheric neutrino data. We 
come to the conclusion that both mixing parameters |?7e4p and |?7^4p are small: |C/e4p < and 
|f^/i4p ^ o^- As in the case of scheme I for three neutrinos, in the scheme under consideration 
the SBL amplitude A^-^ is constrained by the upper bound (32) (with If/asp — > |f/Q,4p), which is 



not compatible with the LSND result (see Fig.||). Thus, a mass hierarchy of four neutrinos is not 
favoured by the existing data. The same conclusion can be drawn for all four-neutrino mass spectra 
with one neutrino mass separated from the group of three close masses by the "LSND gap" (~ 1 
eV). 

Let us consider now the two remaining neutrino mass spectra 



atm 



(A) mi < 7712 ^ ?7l3 < 7714 
^ V 

LSND 



(B) 



sun atm 

mi < m2 ^ Vn-3 < m4 

^ V ' 

LSND 



(35) 



with two groups of close masses separated by a ~ 1 eV gap. In the case of such neutrino mass spec- 
tra, the SBL transition probabilities are given by the expressions (|23| ) and ([2^ ) and the oscillation 
amplitudes are given by 



A 



I3;a 



(36) 



where the index i runs over 1,2 or 3,4. From the exclusion plots of the z^e and u^j, disappearance 
experiments we have (z = 1, 2 or i = 3, 4) 



E 



or 



E 



> 1 



for 



a 



(37) 
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In the scheme A, for the survival probabilities of solar fe's and atmospheric fu's we have the 



lower bounds |3^] 




^.T".e > I E l^-l' 1 , > I E \U,^ I . (38) 

Hence, the results of solar and atmospheric neutrino experiments exclude large values of 

\ ( V 

\Uei\'^ \ and I ) in the case of scheme A and only two of the four possibili- 

^j=l,2 / \i=3,4 ) 

ties in Eq.(|37|) are allowed: 

E \Uei? < al and ^ jC/^ip < a" . (39) 

1=1,2 i=3,4 

The corresponding inequalities in the scheme B can be obtained from Eq.(|39|) with the change 
1,2 3,4. 

Now, for the amplitude of ^ fg oscillations, from Eqs.(|3^) and (|39|), in both schemes we 
have the upper bound 



Ae-^, = 4 



2 



<4(^El^A««l') (^'^^*'') ^4Min[a°,a°], (40) 



with i = 1, 2 or i = 3, 4. This upper bound is compatible with the LSND result. Thus, schemes A 
and B can accommodate all neutrino oscillation data. 

The schemes A and B give different predictions for the neutrino mass m('^H) measured in 

4 

tritium /3-decay experiments and for the effective Majorana mass (m) = U^iiT^i that determines 

i=l 

the matrix element of neutrinoless double-beta decay. In scheme A we have 

m(^H) ~ 1714 ■ (41) 

In the case of scheme B, the contribution to the beta-spectrum of the term that includes the heaviest 
masses ~ is suppressed by the factor J2i=3 4 l^^eiP < «e ^ 4 x 10~^. 

For the effective Majorana mass in neutrinoless double-beta decay, in the schemes A and B we 
have 

(A) \{m)\ < ^ \Ueifm4<m4, (B) | (m) | < a°m4 <C m4 . (42) 

j=3,4 

Thus, if scheme A is realized in nature, the tritium /3-decay experiments and the experiments 
on the search for neutrinoless double-beta decay can see the effect of the "LSND neutrino mass" . 

Finally, we will consider neutrino oscillations in long-baseline (LBL) experiments in the frame- 
work of the schemes A and B. We will show that the data SBL experiments imply rather strong 
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constrains on the LBL probabilities of Ve and z/^ Ve transitions [^]. In the scheme A, for 

the probabihty of LBL Va Vj3 transitions we have the fohowing expression: 



p(LBL,A) 



Ufii U*i + Uf32 U*2 exp i^-i ^ ^ 



+ 



E 

k=3A 



(43) 



The probabihty of the Ua — > i^fs transitions in scheme B can be obtained from Eq.(|^) with the 
change 1,2 ^ 3,4. Let us notice also that the probability of LBL Pq, up transitions can be 



obtained from Eq.(43) with the change Uak 



ak ' 



We consider first neutrino oscillations in reactor experiments (CHOOZ p^ , Palo Verde |51|, 
Kam-Land [^ ). From Eq.(|43|), for the probability of Ue transitions in the schemes A and B 

we have the following lower bounds: 



(A) > E 



If/.. 



(B) 



p(LBL,B) 



=3,4 



(44) 



=1,2 



Now, taking into account the unitarity of the mixing matrix, we can conclude that the quantities in 
the right-hand sides of the two inequalities (44) are large. Indeed, from Eq.(^), for both schemes 
we have 

j(LBL) 

Ue—^Ue 



p>rir-/ XI -aO)' 



(45) 



For the transition probability of into any other state, Eq . (|45|) gives the upper bound 



,(LBL) 



iSl < a° (2 



(2 - a°) 



(46) 



The value of depends on the SBL parameter Am^. In Fig.|2| we have drawn the curve corre- 
sponding to the upper bound (^) for Am^ in the interval (^). The shadowed region in Fig.|| is 
the region that is allowed (at 90% CL) by the data of the LSND experiment and of the other SBL 
experiments. Thus, as it is seen from Fig.||, in the framework of the schemes A and B, the existing 
data put rather severe constraints on the LBL transition probability of Ue into any other state. The 
results of the first reactor LBL experiment CHOOZ have been published recently [24|. The upper 
bound on the probability Ylaj^e Pp^^l, obtained from the exclusion plot of the CHOOZ experiment 
is shown in Fig.^ (dash-dotted line). One can see that the result of the CHOOZ experiment agrees 
with the upper bound obtained from Eq. (^6|) . In Figj2| we have also drawn the curve corresponding 
to the expected final sensitivity of the CHOOZ experiment (dash-dot-dotted line). Taking into 
account the region allowed by the results of LSND and other SBL experiments, from Fig.^ one can 
see that the observation of neutrino oscillations in the channel is extremely difficult. 

From the unitarity of the mixing matrix and the CPT-theorem it follows that the probability 
of LBL Un Ve transitions is also strongly suppressed. Indeed, we have 



p(LBL) ^ p 



(LBL) 



<a° (2 



(47) 
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Another upper bound on the probabihty of LBL 



Figure ^ 

transitions can be obtained from Eqs.(^ 



and (43). For both models we have 



e;fi ■ 



(48) 



The upper bound for the probability of LBL — > transitions, obtained with the help 
is shown in Fig.H by the short-dashed curve. The solid line represents the 



of Eqs.(47) and ( 



corresponding bound with matter corrections for the K2K experiment |53|. The dash-dotted vertical 
line represents the minimal value of the probability pjj'^^^l. that is expected to be reached in the 
sensitivity of the K2K experiment. Notice that at all the considered values of Am^ this probability 
is larger than the upper bound with matter corrections. The shadowed region in Fig.S is allowed 
at 90% CL by the results of LSND and other SBL experiments. The solid line in Fig. ^ shows the 
bound corresponding to Eqs.(]47|) and (^) with matter corrections for the MINOS [ |54| and ICARUS 
|55| experiments, whose expected sensitivities are represented, respectively, by the dash-dotted and 
dash-dot-dotted lines. One can see that these sensitivities are sufficient to explore the shadowed 
region allowed by the results of LSND and other SBL experiments. 
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4 Conclusions 



In the last years there was a big progress in the investigation of the problem of neutrino mixing. 
Different indications in favour of nonzero neutrino masses and mixing angles have been found. 
The important problem for the experiments of the next generation is a detailed investigation of 
neutrino oscillations especially in the regions of Am^ in which at present there are indications in 
favour of oscillations. Many neutrino experiment are taking data, or going to start, or are under 
preparation: solar neutrino experiments (SNO, ICARUS, Borexino, GNO and others |^6|), LBL 
reactor (CHOOZ H, Palo Verde Kam-Land H) and accelerator (K2K |5|, MINOS Q, 
ICARUS H and others experiments, SBL experiments (CHORUS @, NOMAD |1, LSND 



|15|, KARMEN |6C], BooNE |^T[) and many others. Hence, we have reasons to believe that in a few 
years we will know much more than now about the fundamental properties of neutrinos (masses, 
mixing, their nature (Dirac or Majorana?), etc.). 
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